Searching PAJ 

9 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2003-1 56709 

(43)Date of publication of application : 30.05.2003 



(51)Int.CI. 



602B 27/09 
602B 5/04 
H05H 1/24 
// G21K 1/00 
H05H 15/00 



(21) Application number 

(22) Date of filing : 



2001-354200 
20.11.2001 



(71) Applicant : TOSHIBA CORP 

(72) Inventor : HASHIMOTO KIYOSHI 



(54) LASER BEAM DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the occurrence of 
interference on an optical axis with simple constitution. 
SOLUTION: A thin-film member 1 1 is deposited on the counter 
surface of an incident surface B of a prism 10. An optical path 
difference of a half wavelength is formed between a laser beam 
transmitted through this thin-^fiim member 1 1 and a laser beam 
past a region 12 where the thin-film member 1 1 is not 
deposited. As a result, the occurrence of the interference on 
the optical axis is averted. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By carrying out incidence of the laser beam from the plane of incidence of the approximately 
cylindrical prism with which the outgoing radiation side was formed in the cone or the truncated-cone 
configuration, and carrying out outgoing radiation from said outgoing radiation side In the laser beam 
equipment which comes to give energy to laser beam irradiated members, such as a photopolymer and 
ionized gas-ed, with the energy density according to the interference fringe concerned as a laser beam forms 
the interference fringe of the shape of a cylinder centering on an optical axis By producing the optical path 
difference between the laser beam which passes through the field in which optical-path-difference means 
forming was prepared in the predetermined field of said prism which a laser beam passes, and the optical- 
path-difference means forming concerned was prepared, and the laser beam which passes through fields 
other than this field Laser beam equipment characterized by forming an interference fiinge on an optical 
axis. 

[Claim 2] Laser beam equipment according to claim 1 characterized by being formed when said optical- 
path-difference means forming puts a thin film member on a part of plane of incidence in said prism. 
[Claim 3] Laser beam equipment according to claim 1 characterized by forming said optical-path-difference 
means forming of the disc-like transparence member and the thin film member put on this transparence 
member. 

[Claim 4] For the refractive index which said cylindrical prism has, said prism is laser beam equipment 
according to claim 2 or 3 characterized by being the member which has a different refractive index. 
[Claim 5] Laser beam equipment according to claim 1 characterized by said optical-path-difference means 
forming being the level difference prepared in a part of plane of incidence in said prism. 
[Claim 6] Claim 2 characterized by being prepared by turns so that these may be odd diploid numbers and 
may carry out the division-into-equal-parts rate of said plane of incidence, while said thin film member or 
level difference is formed in the flabellate form centering on an optical axis thru/or laser beam equipment 
given in 5 any 1 terms. 

[Claim 7] Laser beam equipment according to claim 1 characterized by said optical -path-difference means 
forming being the transparence member of the shape of the semicircle board which set up thickness so that it 
might be equivalent to the half-wave length of a laser beam. 

[Claim 8] Laser beam equipment according to claim 1 characterized by the spiral-Uke inclined plane 
forming the plane of incidence of said prism so that a level difference equal to the half-wave length of a 
laser beam may be made, if said optical-path-difference means forming takes 1 round for the surroundings 
of an optical axis. 

[Claim 9] Claim 1 characterized by preparing a through tube in the optical axis of said prism thru/or laser 
beam equipment given in 8. any 1 terms. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser beam equipment used in generating of the track 
place used for formation of the optical waveguide (optical guiding) of the micro-machining which is made 
to expose a photopoljoner and forms various moldings, or a relativistic electron beam accelerator etc. 
[0002] 

[Description of the Prior Art] A detailed pattern and the pattern which is a configuration variously are easily 
obtained by what laser forms an interference fringe for. 

[0003] For this reason, laser beam equipment is used in fields, such as micro-machining molded by making 
various configurations expose a photopolymer using this interference property etc. 

[0004] Moreover, laser beam equipment excites the plasma by laser, and is used for the accelerator of the 
relativistic electron beam which accelerates an electron using the track place generated in that case etc. 
[0005] In order to accelerate a charged particle generally, in order to generate electric field efficiently in that 
case, the track place is used that what is necessary is just to place the charged particle concemed all over 
electric field. The outline is as follows although it will be detailed about the acceleration principle by the 
track place in the workimicro accelerator edited by Sugihara, Nishida, and Ogata, IPC (Tokyo), and 1998, 
for example. 

[0006] If the plasma is generated with laser, a plasma wave will occur back and a track place will be 
produced. The method of accelerating an electron for an electron by acceleration, i.e., a track place, using 
the acceleration phase of this plasma wave is track place acceleration. 

[0007] Since big acceleration electric field will be obtained if a track place is used, it is expected as a 
technique which can miniaturize an accelerator sharply. For example, although the acceleration inclination 
which is the energy gain per xmit length of an accelerator is about 100 MeV/m extent in a microwave cavity 
method, if a track place is used, it is supposed that number GeV/m - dozens GeV/m extent is obtained. 
[0008] The outline configuration of the relativistic electron beam accelerator using such a laser excitation 
track place is shown and explained to drawing 10 . 

[0009] After being accelerated by the microwave cavity 102, the sense is changed with the deviation magnet 
103 and incidence of the electron pulled out fi-om the electron gun 101 by drawing 10 is carried out to the 
plasma acceleration section 104 with which the plasma was filled. 

[0010] The laser beam from the laser oscillation machine 105 carries out incidence, by the laser beam 
concemed, the ionized gas-ed in the plasma acceleration section 1 04 is excited by the plasma acceleration 
section 104, and plasma-izes in it, and a track place occurs in it. And an electron is accelerated by this track 
place in response to the force. 

[001 1] In order to obtain a high-speed electron at this time, it must become important how ionized gas-ed is 
excited efficiently and the track place of high electric field is generated or what the interaction of an electron 
and the track place is carried out over a long time, and excitation conditions must be set up so that this 
demand may be filled. 

[0012] That is, in order to obtain high electric field, it being necessary to strengthen laser reinforcement and 
converging a laser beam using a lens etc. for this reason is performed, but since that angle of divergence 
becomes larger as a laser beam is extracted to a small spot, the field where the laser reinforcement in the 
direction of an optical axis is strong will become short. 

[0013] Therefore, even if it generates a big track place partially, the acceleration energy with which it can 
become difficult to generate it over long duration will also become small. 

[0014] From such a viewpoint, the refractive index near [ through which a laser beam passes ] the optical 
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axis of an optical path is enlarged, and the approach of forming the optical waveguide (optical guiding) 
which followed the light guide principle in an optical fiber by making a refractive index small is proposed as 
it separates from the optical axis concerned (as it goes on the outskirts). 

[001 5] Generally, if angular frequency of a laser beam is set to omega and a refractive index is set to N, a 
bottom type will be realized between the pleisma consistencies n. 
N= [1 -(omega p/omega) 2] 1/2 ~ (formula 1) 
omegap= [(n*e2) /(epsilonO*m)] 1/2 — (formula 2) 

here — omegap — plasma angular firequency and e — base ~ the dielectric constant of vacuum and m of a 
charge and epsilon 0 are electron rest masses. 

[0016] Since plasma angular-frequency omegap will become large if the plasma consistency n increases, 
these formulas 1 and a formula 2 show that a refractive index N becomes small. 

[0017] Therefore, it becomes possible to form optical waveguide of what the plasma consistency of an 
optical-axis part is made small (a refractive index is enlarged), and the plasma consistency of a 
circumference part is enlarged for (a refractive index is made small), and to suppress emission of laser. 
[0018] As an approach of making the plasma density distribution of such a condition, Suzuki etc. has 
proposed the approach using interference and resonance ionization of a laser beam (035 Suzuki and 
Ikehata:JAERI-Research 95- 1995). 

[0019] The outline configuration of proposed approaches, such as Suzuki, is shown in drawing 1 1 (a). By 
this approach, the ionized gas 1 1 0-ed for forming the plasma in the field through which an electron beam 
(electron for accelerating) passes is supplied. In drawing 1 1 (a), the cylinder of a dotted line shows the field 
to which the ionized gas 1 1 0-ed concerned is supplied. 

[0020] And the interference fHnge 1 1 1 of the shape of a rectangle as made reflect the laser beam 1 07 which 
arranged two or more total reflection mirrors 108 and transflective mirrors 109 around this field, and was 
extended in the shape of a sheet from the laser oscillation machine 106 and shown in drawing 1 1 (b) is 
formed, and ionized gas 1 1 0-ed is excited by the energy distribution according to the pattern of the 
interference fringe 111 concemed. 

[002 1 ] In addition, drawing 1 1 (b) is drawing having shown typically the interference fringe 111 formed in 
the field A concemed when the field A at which a laser beam crosses [ of an electron beam ] from rectilinear 
propagation was seen, and the slash field shows the generating field (field where a consistency is high) of 
the plasma. 

[0022] However, with this configuration, there is a problem to which the fall of laser reinforcement arises in 
order to extend and use the oscillated laser beam for the sheet-like laser beam 1 07, and they cannot make 
energy use effectiveness of a laser beam high since that width of face and depth are short. 
[0023] Moreover, in order to form an interference fringe 1 1 1, many optical elements, such as a mirror, are 
used, but since it is necessary to adjust these optical-axis doubling in the precision of about 10 micrometers, 
they have the problem from which a prudent setup and adjustment are needed and workability starts an 
optical-axis gap etc. easily bad. 

[0024] In order to cope with such a problem, use of the optical element called the axicon which can enlarge 
plasma reinforcement of an optical-axis part is proposed by carrying out incidence of the laser beam firom 
the shaft orientations of an electron beam, forming optical waveguide, and raising the energy use 
effectiveness of a laser beam by choosing the relaxation length of a laser beam, and the die length of optical 
waveguide to the same extent, and using interference of a laser beam. 

[0025] Drawing 12 is the perspective view of this axicon 113, and drawing 13 is drawing showing the 
interference condition of the laser beam when using this axicon. In addition, drawing 13 (a) shows the 
formation situation of an interference fringe 115, and drawing 13 (b) shows the situation of the interference 
fringe 115 concemed seen fi*om the optical axis. 

[0026] Plane of incidence B is formed in a flat surface, and, as for the axicon 113 concemed, the outgoing 
radiation side C is formed in the truncated-cone configuration. Moreover, the flat part E which irregularity is 
prepared in the outgoing radiation side C concemed, and light does not pass is formed. 
[0027] The laser beam 114 which carried out incidence in parallel with an optical axis with such a 
configuration is deflected in the direction of an optical axis in respect of [ C ] outgoing radiation, and the 
cylindrical interference fiinge 1 15 of axial symmetry generates it. At this time, an interference fiinge is 
formed also in the direction in alignment with an optical axis, and the die length LI of those shaft 
orientations turns into the die length of the field where the light deflected like drawing 13 (a) crosses. 
[0028] Then, about the diameter of the laser beam which carries out incidence, if the tilt angle of Dl and the 
outgoing radiation side C is set to alpha and angle of refraction is set to r, the incident angle beta from an 
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axicon 113 to a vacuum side will become equal to the tilt angle alpha (beta=alpha). 

[0029] Therefore, when the wavelength of a laser beam is lambda, the spacing d of an interference fringe 

1 15 is d=lambda/(2*sin (gamma)). — (formula 3) 

It becomes. 

[0030] Here, gamma is called a crossed axes angle at the include angle of an optical axis and the deflected 
laser beam, and the following approximation target is realized between the refractive indexes M of an 
axicon 113. 

Ganmia=beta* (M-1) — (formula 4) 

[0031] For example, an axicon 1 13 is formed with synthetic quartz, the refractive index M is [ the 
wavelength lambda of M= 1 .46 and a laser beam ] lambda= 442nm, and if the tilt angle alpha considers as 
alpha= 3.2 degrees, the spacing d of an interference fringe will be set to d= 17 micrometers. Moreover, if the 
tilt angle alpha is made into alpha= 0.54 degrees, the spacing d of an interference fringe will be set to d= 100 
micrometers. 

[0032] therefore, a track place forms with the plasma by the interference fringe which optical waveguide 
was formed with the plasma by the interference fringe formed in the direction perpendicular to an optical 
axis, and was formed in accordance with the optical axis ~ having ~ these ~ at once ~ and it becomes 
available, without needing tuning etc. 
[0033] 

[Problem(s) to be Solved by the Invention] However, since the laser beam for generating the plasma of 
optical waveguide and a track place using the axicon 1 13 of the above-mentioned configuration is a property 
different generally, it is difficult to generate these at once by the same laser beam. 

[0034] For this reason, although it is possible to generate each plasma using a separate laser beam, the laser 
beam for optical waveguide formation and the laser beam for track place formation may interfere on an 
optical axis in this case. 

[0035] In case the pattern of a concentric circle is formed by micro-machining, he wants to, remove the 
interference firinge of an optical-axis part on the other hand, but when the axicon 113 mentioned above is 
used, there is un-arranging [ for which an interference fringe will be formed also in an optical axis ] (refer to 
drawing 13 (b)). 

[0036] Then, it aims at offering the high laser beam equipment of convenience on an optical axis, as an 
interference fidnge does not arise while making it these not interfere in it, even if the laser beam for optical 
waveguide formation and the laser beam for track place formation are used for this invention with a simple 
configuration. 
[0037] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
concerning claim 1 By carrying out incidence of the laser beam from the plane of incidence of the 
approximately cylindrical prism with which the outgoing radiation side was formed in the cone or the 
truncated-cone configuration, and carrying out outgoing radiation from an outgoing radiation side In the 
laser beam equipment which comes to give energy to laser beam irradiated members, such as a 
photopolymer and ionized gas-ed, with the energy density according to the interference fiinge concemed as 
a laser beam forms the interference fiinge of the shape of a cylinder centering on an optical axis By 
producing the optical path difference between the laser beam which passes through the field in which 
optical-path-difference means forming was prepared in the predetermined field of the prism which a laser 
beam passes, and the optical-path-difference means forming concemed was prepared, and the laser beam 
which passes tiirough fields other than this field It is characterized by forming an interference fiinge on an 
optical axis. 

[0038] Invention concerning claim 2 is characterized by being formed when optical-path-difference means 
forming puts a thin film member on a part of plane of incidence in prism. 

[0039] Invention concerning claim 3 is characterized by forming optical -path-difference means forming of 
the disc-like transparence member and the thin film member put on this transparence member. 
[0040] Invention concerning claim 4 is characterized by prism being a member which has the refractive 
index from which the refractive index which cylindrical prism has differs. 

[0041] Invention concerning claim 5 is characterized by optical-path-difference means forming being the 
level difference prepared in a part of plane of incidence in prism. 

[0042] Invention conceming claim 6 is characterized by being prepared by turns so that these may be odd 
diploid numbers and may carry out the division-into-equal-parts rate of the plane of incidence while a thin 
film member or a level difference is formed in the flabellate form centering on an optical axis. 
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[0043] Invention concerning claim 7 is characterized by optical-path-difference means forming being the 
transparence member of the shape of the semicircle board which set up thickness so that it might be 
equivalent to the half-wave length of a laser beam. 

[0044] Invention concerning claim 8 will be characterized by the spiral-like inclined plane forming the plane 

of incidence of prism so that a level difference equal to the half- wave length of a laser beam may be made, if 

optical-path-difference means forming makes it the surroundings of an optical axis 1 round. 

[0045] Invention concerning claim 9 is characterized by preparing a through tube in the optical axis of 

prism. 

[0046] 

[Embodiment of the Invention] The gestalt of operation of the 1st of this invention is explained with 
reference to drawing. Drawing 1 is drawing showing the outline configuration of the track place electron 
accelerator which applied the laser beam equipment conceming this invention. 

[0047] Of course, it cannot be overemphasized that it does not become requirements to apply the laser beam 
equipment conceming this invention to an electron accelerator, and it can apply to various fields, such as 
micro-machining. 

[0048] The track place electron accelerator shown in drawing 1 An electron The electron beam fi-om the 
electron gun 1 which is made to generate and carries out outgoing radiation, and the electron gun 1 
concemed The RF cavity 2 and electron beam to accelerate The deviation magnet 3 and optical waveguide 
to deflect The laser for making it generate The laser from the laser oscillation machine 5 for track places, 
and the laser oscillation machine 4 for waveguides which carries out outgoing radiation of the laser beam for 
generating the laser oscillation machine 4 for waveguides and track place which carry out outgoing radiation 
so that it may become the same optical axis as the laser from the laser oscillation machine 5 for track places 
It has the prism 1 0 grade arranged by the mirror 6 to reflect, the track place accelerator 7 with which an 
electron beam is accelerated by the track place, and the track place accelerator 7. 

[0049] In addition, a through tube is prepared in a mirror 6 and the central part of prism 10, and an electron 
beam etc. can be passed now into them. 

[0050] However, in not using an electron beam etc. like micro-machining, the through tube concemed 
becomes unnecessary. 

[005 1 ] Moreover, ionized gas-ed is filled by the track place accelerator 7 according to the gas supply system 
which is not illustrated. 

[0052] And the electron beam pulled out from the electron gun 1 passes the through tube which was 
accelerated by the RF cavity 2, could change the direction with the deviation magnet 3, and was prepared in 
a mirror 6 and prism 1 0, and it carries out incidence to the track place accelerator 4. 
[0053] Moreover, the laser beam from the laser oscillation machine 5 for track places passes a mirror 6 in 
accordance with an electron beam, it carries out incidence to prism 10, and it carries out incidence to the 
track place accelerator 4. 

[0054] On the other hand, it is reflected by the mirror 6, and incidence of the laser beam from the laser 
oscillation machine 4 for waveguides is carried out to prism 10 in accordance with an electron beam, and it 
carries out incidence to the track place accelerator 4. 

[0055] While the plane of incidence B of a laser beam is formed in a flat surface as prism 10 is shown in 
drawing 2 , and the outgoing radiation side C is formed in a conical surface, the through tube 1 3 is formed in 
the core. 

[0056] Moreover, the thin film member 1 1 is formed in the semicircle section of plane of incidence B by 
approaches, such as coating and adhesion, and the optical path difference of the half-wave length arises 
between the laser beams which carried out incidence to the unarrived part 12. 

[0057] In addition, if it is unlike the refractive index which carries out [ laser beam ] and prism 10 has as a 
thin film member 1 1 , it is good anything. 

[0058] That is, supposing the wavelength of a laser beam was manufactured by 442nm and prism 1 0 was 
manufactured with the ingredient of a refractive index 1.5, for example, when this thin film member 1 1 is 
manufactured with the ingredient of a refractive index 1 .62, it becomes the thickness of about 30 
micrometers. In addition, generally each glass material which has the refractive index mentioned as the 
above-mentioned example can come to hand. 

[0059] When outgoing radiation of the laser beam which has the phase contrast of 1 80 degrees in a 
circumferencial direction by this is carried out, the phase contrast of the half- wave length arising mutually, 
and causing interference of it on an optical axis is lost, and as shown in drawing 3 (b), the interference fiinge 
115 shown in drawing 13 (b) and the interference fiinge 1 4 of the pattern which light and darkness reversed 
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are obtained. 

[0060] Therefore, while the plasma used for generating with optical waveguide and a track place can be 
generated to coincidence and these generation conditions can set up independently, without generating 
interference with an optical axis even if it uses a separate laser beam, the track place electron accelerator in 
which high acceleration is possible can be constituted easily highly [ operability ]. 

[0061] Moreover, if the laser beam from the laser oscillation machine for tracks mentioned above is stopped 
in case the pattern of a concentric circle is formed by micro-machining, the pattern of the concentric circle 
configuration except an optical-axis part can be formed now, it can respond easily also to the demand which 
wants to remove the interference fringe of an optical-axis part, and convenience will improve remarkably. 
[0062] In addition, although the thin film member 1 1 was formed in the semicircle section of plane of 
incidence B, this invention is not limited to this, and as shown in drawing 4 , it may be carried out 
comparatively for 6 minutes that what is necessary is just odd diploid numbers (it is semantics twice the 
number of odd number). 

[0063] Next, the gestalt of operation of the 2nd of this invention is explained with reference to drawing. In 
addition, about the same configuration as the gestalt of the above-mentioned implementation, explanation is 
suitably omitted using the same sign. 

[0064] With the gestalt of previous operation, the optical path difference was generated between the laser 
beams which form the thin film member 1 1 in the plane of incidence B of prism 1 0 by coating, adhesion, 
etc., and pass the non- vapor-deposited part 12. 

[0065] However, the method of generating the optical path difference may not be limited to the approach 
coating, adhesion, etc. carry out the thin film member 1 1 , but in this way, as shown in drawing 5 - drawing 
7 , it may change the configuration of prism 1 0, and as shown in drawing 8 and drawing 9 , it may arrange 
the transparence plate with which the thin film member 1 1 was carried out for coating, adhesion, etc. before 
plane of incidence B. 

[0066] The prism 1 0 shown in drawing 5 is what formed the step-like level difference 1 5 in the semicircle 
section of plane of incidence B, and the height of this level difference 15 is set as the height which the 
optical path difference of the half-wave length generates. Therefore, the phase contrast of the half-wave 
length carrying out raw to the laser beam which carried out outgoing radiation from the prism 10 concemed, 
and causing interference on an optical axis is lost. 

[0067] In addition, as a level difference 15, when wavelength of a laser beam is set to about 442nm, for 
example, about 0.5 micrometers can be illustrated. 

[0068] That are arbitrary and what is necessary is just odd diploid numbers, division of the field which gives 
a level difference 1 5 also in this case may be comparatively carried out for 6 minutes, as shown in drawing 
6. 

[0069] Instead of preparing a step-like level difference, a configuration is what made plane of incidence B 
the inclined plane of a spiral, and it is set as drawing 7 so that the height of the level difference 1 6 produced 
when it rotates 360 degrees may become the half- wave length. 

[0070] On the other hand, drawing 8 is what approached the plane of incidence B of prism 10, and has 
arranged the transparence plate 1 7, and the field where the thin film member 1 1 was carried out for coating, 
adhesion, etc., and coating and the field which has not been pasted up are formed in the transparence plate 
1 7 concemed by tums. 

[0071] Althou^ field division in this case can also be performed to arbitration, things cannot be 
overemphasized that what is necessary is just odd diploid numbers. 

[0072] Moreover, drawing 9 is what approached the plane of incidence B of prism 1 0, and has arranged the 
semicircle-like transpeirence plate 18, and it is set up so that the thickness of the transparence plate 1 8 
concemed may become the half-wave length of a laser beam. 

[0073] It becomes possible to acquire the same effectiveness as the gestalt of the 1st operation also by such 

configuration. 
[0074] 

[Effect of the Invention] As explained above, according to this invention, optical-path-difference means 
forming is prepared in the predetermined field of prism. Since it was made for these laser beams not to form 
an interference fiinge on an optical axis by producing the optical path difference between the laser beam 
which passes through the field in which the optical-path-difference means forming concemed was prepared, 
and the laser beam which passes through fields other than this field While it becomes possible to generate 
the plasma for optical waveguide and track places to coincidence and it comes to be able to carry out an 
independent setup of these laser beams, without generating interference with an optical axis even if it uses a 
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separate laser beam The track place electron accelerator in which high acceleration is possible can be easily 
constituted now highly [ operability ]. 

[0075] Moreover, if the laser beam from the laser oscillation machine for tracks is stopped in case the 
pattern of a concentric circle is formed by micro-machining, the pattem of the concentric circle 
configuration except an optical -axis part can be formed now, it can respond also to the demand which wants 
to remove the interference fringe of an optical-axis part easily, and convenience will improve remarkably. 

[Translation done.] 
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[Drawing 7] 
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